Stem cell niche and root meristem size are maintained by intercellular interactions and signaling 10 networks of a plant peptide hormone, Root Meristem Growth Factor 1 (RGF1). How RGF1 11 regulates root meristem development is an essential question to understand stem cell function. 12
Text : 23
Roots encounter various environmental conditions in soil and respond by altering their growth. 24
The Arabidopsis root has a simple cylindrical structure. Each layer of the cylinder consists of a 25 different cell-type, which is generated from a stem cell population at the root tip, and develops 26 into mature cells along the longitudinal axis of the root. Developmental stages are defined as the 27 meristematic zone, the elongation zone, and the differentiation zone. Root growth arises through 28 The RGF1 peptide is also able to control the size of the meristematic zone both as an 40 intrinsic signal and when extrinsically applied [3] [4] [5] . External treatment with RGF1 increases the 41 size of the meristematic zone, while the rgf1/2/3 triple mutant has a smaller meristematic zone 3 . 42
Five receptor-like kinases have been identified as RGF1 receptors [6] [7] [8] . Quintuple mutants of 43 these receptors lack most of the cells in the root meristem and are insensitive to RGF1, 44 RGF1-treated roots had a larger meristematic zone. These experiments confirmed that RGF1 93 regulates PLT2 post-translationally. We detected the highest levels of gPLT2-YFP and pPLT2-94 CFP in the cells around the QC (Extended Data Fig. 2a and b) . The gPLT2-YFP signal gradually 95 declined in the meristem after mock treatment (Extended Data Fig. 2b ). However, after RGF1 96 treatment, the gPLT2-YFP signal decreased more gradually and was broadly localized in a larger 97 meristematic zone (Extended Data Fig. 2c) Fig. 3d and e) . (Fig. 3c-f , 3i-l, 3o-r and Extended Data Fig. 4a-c) . These data indicate that RGF1 114 treatment increases root meristem size and PLT2 protein stability by modulating ROS levels. 115 6 To identify for downstream factors that mediate the RGF1/ROS signaling pathway, we 116 combined our RGF1 treatment transcriptome data with our previously published transcriptome 117 data from the three root developmental zones 14 . We looked for genes whose expression was 118 induced by RGF1 and specific to the meristematic zone. The PLANT AT-RICH SEQUENCE and 119 Changes in ROS levels could also be detected in the RITF1 over-expression line ( Fig. 4c-4f) . 129 H 2 O 2 levels declined in all three developmental zones upon estradiol treatment ( Fig. 4c and 4d) . The larger meristematic zone and alteration of ROS signals by over-expression of RITF1 136 strongly suggest that the RITF1 gene is a primary regulator controlling ROS signaling and 137 meristem size in the RGF1 signaling pathway. Furthermore, the ritf1 mutant (T-DNA insertion7 line) has a root growth defect with a smaller meristematic zone (Extended Data Fig. 5c and 5d) , 139 and exhibits resistance to RGF1 (Extended Data Fig. 5d and 5e The HYP2-GFP 10 lines were grown on MS plates for 6 days. HYP2-GFP seedlings were then 288 transferred into liquid MS media and treated with water (mock) or 100nM RGF1 peptide in 6-289 well-plates for 1h. After 1h treatment with mock or RGF1, the seedlings were taken out of liquid 290 MS media and transferred onto a 2% agarose plate. Using an ophthalmic scalpel (Feather), the 291 meristematic zone of the seedlings was precisely dissected based on HYP2-GFP fluorescence as 292 detected under a dissecting microscope (Axio Zoom, Zeiss). Total RNA was extracted from 20 293 root sections treated with mock or 100nM RGF1 using the RNeasy Micro Kit (Qiagen). For each 294 treatment, three replicates of the RNA extractions were performed. All total RNA samples were 295 treated with DNaseI during RNA extraction. RNA quality was examined using a 2100 296
ZINC-BINDING TRANSCRIPTION FACTOR (PLATZ)
Bioanalyzer (Agilent). The RNA Integrity Number (RIN) was over 9.0 in all samples. The 297 concentration of total RNA was measured by a Qubit (Invitrogen) instrument. For each replicate, 298 50ng total RNA was amplified using the Ovation RNA-seq System V2 (NuGEN). Following 299 amplification, 3μg of cDNA was fragmented using the Covaris S-Series System. 400ng of the 300 fragmented cDNA with an average size of 400bp was used for library preparation using the 301 Ovation Ultralow System V2 (NuGEN). Illumina sequencing was performed at the Duke 302
Genome Sequencing Shared Resource. The libraries for three biological replicates of mock and 303 RGF1 treated meristematic zones were sequenced on an Illumina HiSeq2000 (100 base-paired 304 reads). 305 306
Differential expression analysis following RGF1 peptide treatment 307
Illumina sequencing reads were mapped to TAIR10 Arabidopsis genome using Tophat V2.0.7. 308
The parameters used for mapping are as follows :"-N 5 --read-gap-length 5 --read-edit-dist 5 --309 b2-sensitive -r 100 --mate-std-dev 150 -p 5 -i 5 -I 15000 --min-segment-intron 5 --max-segment-310
intron 15000 --library-type fr-unstranded". To select properly mapped reads with unique 311 mapping positions, only alignments with flag of 83, 99, 147 or 163 and a mapping quality score 312 of 50 were kept for further analysis. Mapping positions of these reads were compared with the 313
